SUPPLEMENTARY MATERIALS AND METHODS
hNSCs cultures. Cells were cultured in untreated flasks (Thermo Scientific) at density of 10 4 cells/cm 2 using serum-free medium in the presence of basic fibroblast growth factor (bFGF, PeproTech) and EGF (PeproTech) at final concentrations of 10 ng/ml and 20 ng/ml, respectively. Cell cultures were maintained in a humidified incubator at 37°C, 5% O2 and 5% CO2 to allow neurosphere generation (1, 2) . Neurospheres were mechanically dissociated every 10 days in the same growth medium.
Samples preparation: hNSC-HYDROSAP and HYDROSAP. hNSC-HYDROSAP is a 3D culture system composed by a mixing solution containing 0.81 mM pureHYDROSAP (previously dissolved 1% w/v in distilled water, GIBCO), 280 mM sucrose solution, 2.5 mM NaOH and hNSCs (4.5 x 10 4 cells/µl). A droplet (40 µl) was placed onto glass coverslip in 24-well, serum-free medium supplemented with bFGF (20 ng/ml, Peprotech) was added to start SAP gelation and to obtain free-floating hNSC-HYDROSAP. At 2 DIV, medium was shifted to a basal medium supplemented with LIF (20 ng/ml, Chemicon) and BDNF (20 ng/ml, Peprotech) (3) . In these conditions, the samples were maintained in culture up to different time-points (1, 2, 4, 6, 8, 10 weeks) .
Additionally, hNSC-HYDROSAP(1D) and T0 samples were maintained in culture for 24 hours and for 1 hour respectively. HYDROSAP sample was developed with the same components of hNSC-HYDROSAP but without cells.
Synthesis and purification of pureHYDROSAP. Linear SAPs Ac-(LDLK)3-CONH2,
Ac-KLPGWSGGGG-(LDLK)3-CONH2 and Ac-SSLSVNDGGG-(LDLK)3-CONH2 (4, 5) and branched SAP tris(LDLK)3-CONH2 (6) were synthesized by solid-phase Fmoc-based chemistry on Rink amide 4-methyl-benzhydrylamine resin (0.5 mmol g -1 substitution) using the Liberty-Discovery (CEM) microwave automated synthesizer, as previously described (6) . For all peptides the side chains removal and cleavage were performed with TFA:TIS:H2O (95:2.5:2.5) cocktail. Cleaved peptides were precipitated using cold ethyl ether and then lyophilized (Labconco). The resulting raw peptides have been purified by a Waters binary HPLC apparatus (>95%) and the molecular weight was confirmed via single quadrupole mass detection (Waters LC-MS Alliance-3100). Purified peptides powder was subsequently dissolved in 0.1 M HCl in order to remove the presence of possible TFA salts.
CrossCK lamina preparation. Cross-linked SAP lamina (crossCK) was prepared as previously described (7) . The day prior to the cross-linking reaction, Ac-CGGLKLKLKLKLKLKGGC-CONH2 (named CK) SAP was dissolved at a concentration of 5% (w/v) in distilled water, sonicated for 20 minutes and incubated at 4°C for 24h. Right before the cross-linking reaction, 20mM of sulfo-SMCC (Thermofischer scientific) was dissolved in 1mL of DPBS (Thermofisher scientific 1X, w/o MgCl2 and CaCl2) and H2O (1:1 v/v; pH 7.4) and subsequently added to CK peptide solution. Then, the cross-linking solution and CK peptide were cast on a disposable insert and incubated overnight at RT. At the end of the reaction, the un reacted sulfo-SMCC in the supernatant was removed by aspiration with a vacuum pipette, and the resulting crossCK lamina was washed and suspended in 1.5 mL of DPBS for 1 h. Washes were repeated 5 times before use.
Rheological measurements. Rheological properties of assembled nanostructures were carried out using a controlled stress AR-2000ex Rheometer (TA instruments). The instrument was equipped with a cone-plate geometry (acrylic truncated diameter, 20 mm; angle, 1°; truncation gap, 34 μm) (6) . All measurements were performed at 25°C by using a Peltier cell as a lower plate of the instrument to control the temperature during each test.
Two samples were tested: 1) pureHYDROSAP (1% w/v); 2) HYDROSAP (components are described in "Samples preparation: hNSC-HYDROSAP and HYDROSAP" section).
Time-sweep experiments were performed at constant angular frequency (ω=1Hz) to monitor the sol-gel transition, evaluating the storage (G') and loss (G") moduli increments as a function of time. Afterwards, frequency sweep experiments were recorded at a fixed 1% strain and as a function angular frequency (0.1-100Hz).
Stress/strain sweeps were performed (0.01%-1000%) to identify the limits of the linear viscoelastic region and the failure stress of the samples. Viscosity plots were obtained by a shear rate ramp (0.001-1000 s −1 ). Each experiment was performed in triplicate.
Atomic force microscopy (AFM) analysis. AFM morphological analyses were captured in tapping mode by a Multimode Nanoscope V (Digital Instrument, Veeco), using a single-beam silicon cantilever probes (Veeco RFESP MPP-21100-10, cantilever f0, resonance frequency 59-69 KHz, constant force 3 N m -1 ) (6) . Peptide was dissolved in distilled water at the concentration of 1% (w/v) one day before imaging. Right before the analysis, peptide solution was diluted to a final concentration of 0.001% (w/v) and deposited on a freshly cleaved mica surface. A 2 μl of peptide solution was kept on mica for 4 min at RT and subsequently, the surface was rinsed with distilled water, to remove loosely bound peptides, and dried under RT for 30 min in a covered petri-dish, to protect from contamination until it was imaged.
Fourier transform infrared spectroscopy (FTIR) analysis. FTIR analysis of assembled
nanostructures was performed on peptides dissolved at a concentration of 1% (w/v) in distilled water, after 24 h incubation at 4°C. All spectra were collected in attenuated total reflection (ATR) using Perkin Elmer Spectrum 100 spectrometer (6, 7) . A 2 μl aliquot of each peptide solution was deposited on the reflection diamond element of the ATR-FTIR device and left to evaporate. Twenty acquisitions were recorded for each spectrum, using the following condition: 4 cm -1 spectrum resolution, 25 kHz scan speed, 1000 scan coaddition and a triangular apodization. All collected spectra were reported after ATR correction, smoothing and automatic baseline correction using Origin8 TM software. Each sample was done in triplicate.
Thioflavin T (ThT) spectroscopy assay. ThT analysis of assembled peptides was performed to assess the presence of cross-β fibril structures (6) .
ThT stock solution (Sigma-Aldrich, T3516) was prepared by adding 8 mg of ThT to 10 ml phosphate buffer (10 mM phosphate, 150 mM NaCl, pH 7) and filtered through a 0.2 μm syringe filter. Right before the analysis, 1 mL of ThT stock solution was diluted into 50 mL of phosphate buffer (working solution). Peptides at 1% (w/v) were mixed with working solution (1:0.5 v/v) and stirred for 2 min. ThT binding was monitored by exciting the sample at 440 nm (5nm bandpass) and recording the emission fluorescence spectrum from 460 to 600 nm.
Immunofluorescence analyses in vitro. hNSC-HYDROSAPs were fixed with 4% paraformaldehyde (PFA), embedded in OCT and cryosectioned at 100 µm. Table S14 ). Under the surgical microscope, the dorsal hemisection of spinal cord was cleaned from soft scar tissue (if present) and/or deposits, then scaffolds were inserted into the lesion cavity. For SHAM-operated animals, saline only was used to fill the lesion cavity. A crossCK-made lamina (3 x 5 mm) was placed over the scaffold (and over the filled-cavity) and a mixture of 2 µl Fibrinogen (91mg/ml, Baxter) and 2 µl thrombin (500 U/ml, Baxter) was used to cover the dura opening. After dorsal hemisection, the overlying muscle and skin were closed with vicryl sutures and metal clips, respectively. To prevent host immune response to transplanted cells, CsA (50 mg/ml, Novartis) has been provided in the drinking water for 24 hours prior to surgery and continued for 8 weeks until sacrifice. For 1 week after surgery, all animals were daily injected subcutaneously with antibiotic (5 mg/kg, Enrofloxacin) to prevent infections and with Carprofen (4 mg/kg, Pfizer) to relive pain. Percentages of positive cells for each marker were depicted in D. Positive cells for VGLUT1 was not detected (n.d.) at 1 week. Significant differences were detected only for VGLUT1 marker (*P < 0.05 CULTREX 3D (1W) vs CULTREX 3D (6W) and CULTREX 3D (8W)). Statistical analysis: two-way ANOVA followed by Tukey multiple comparison test. All graphs show mean ± SEM (n=3). Cell nuclei (DAPI) are labeled in blue. Scale bar 50 µm. See Table S1 for number of tested cells per week in culture. Statistical analysis revealed significant differences among SHAM and hNSC-HYDROSAP groups as well as for HYDROSAP vs hNSC-HYDROSAP(6W) (two-way ANOVA following by Tukey comparison test: *P < 0.05, **P < 0.01; n = 5/group). Two-way ANOVA followed by Bonferroni's multiple comparison test. ns stands for not statistically significant. ns stands for not statistically significant 
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